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ABSTRACT
The dispersion of latex allergen bound on glove powder has 
been shown to be of clinical importance to latex-sensitized 
medical staff and patients. To investigate whether latex 
aeroallergen is associated with the development of latex 
allergic reactions in health care workers, air samples were 
collected in 33 hospital rooms and two physicians' offices. 
Concentrations of latex allergens in the samples were deter-
mined by a competitive inhibition immunoassay and related 
to reported hypersensitivity reactions and to specific IgE 
results of 111 staff members engaged in these rooms. Latex 
aeroallergen (up to 205ng/m3) could be detected in all 
rooms where powdered latex gloves were used and ventila-
tion systems were not installed. Conjunctivitis (n=10), rhinitis 
(n=12) and dyspnea (n=4) were reported exclusively by 
employees working in such contaminated rooms. Also work-
ers with latex-specific IgE antibodies (n=17) were found only 
in these rooms. Urticaria in personnel (n=26) was reported 
in rooms with and without detectable allergen load. All 
symptoms were significantly associated with latex-specific IgE 
antibodies. Our results demonstrate that immediate-type 
sensitization and allergic symptoms are associated with 
detectable latex aeroallergen.
Key words: glove powder, IgE antibodies, immediate-type 
allergy, latex, latex aeroallergen, occupational asthma, 
rubber gloves
INTRODUCTION
In recent years, immediate-type allergy to latex products has 
increased significantly. High risk populations include medical 
staff, dentists and others wearing latex gloves regularly.'1-11" It is 
reported that up to 15% of surgeons and nurses working in oper-
ating theatres or examination rooms are affected.3,12-15 Sensitized
medical staff and patients suffer from cutaneous weal and flare 
reactions; about 30% of them also develop conjunctivitis, rhinitis 
and/or bronchial asthma, some even suffer from anaphy-
laxis.2,5,8,10,16-19 In addition, up to 50% of patients with spina bifida 
or urogenital disorders, also become sensitized to latex-made 
articles during hospital stays.10-20 There is evidence that at least 
some of these disorders are mediated by airborne glove powder 
containing latex allergens.7,11,17,19 By collecting powder from the 
surface of examination gloves we found that up to 30mg of pow-
der could be isolated from a powdered latex glove using a vac-
uum cleaner (unpubl. data). More than 10 billion latex gloves 
are used per year worldwide (IMS America Medical Marketing 
Service, PA, USA), and the theoretical dispersion of glove pow-
der into the atmosphere could represent an enormous amount of 
allergenic dust in different environmental settings. 
 Studies on air concentrations of airborne allergens in hospital 
areas have been recently reported.19,21 However, the association 
between the latex aeroallergen load and the development of 
latex sensitization is unknown. 
 The aim of this investigation was to identify high risk areas in 
hospitals by quantitation of latex aeroallergens, and to correlate 
the findings with clinical symptoms of exposed staff in hospitals 
and medical examination rooms.
MATERIALS AND METHODS
Sampling of latex aeroallergen
Two area air samplers were used for the collection of air sam-
ples from different rooms in healthcare facilities. The sampling 
devices collected the total inhalable dust fractions according to 
the definitions of ISO/CD 7708 (International Standardization 
Organisation in Air Quality, partial size fraction definitions for 
health-related sampling, Geneva, 1992) by capturing them on 
cellulose membrane filters (Sartorius, Gottingen, Germany). 
The sampler, Gravikon VC 25 (Stroehlein Instruments, Kaarst, 
Germany) equipped with a membrane filter of 15cm in diame-
ter, was run at a flow rate of 22.5 m3/h. Another sampler from 
Wazau (Wazau Company, Berlin, Germany) with a membrane 
filter of 3.5cm was also used to collect the air samples at an air 
flow rate of 2.8m3/h. Both samplers have a built-in automatic 
compensator, to keep the flow rate constant during sampling,
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regardless of the thickness of dust on the membrane filter. 
Thirty-seven air samples were collected for the study (see Table 
1), 33 of them were obtained from 33 rooms in two hospitals, 
including five rooms where no latex articles were used. Air was 
sampled in at least one room from all major clinical depart-
ments and examination units. In 16 rooms, sampling was only 
possible after working hours. Ventilation systems including filters 
for respirable dust are installed and work continuously in the 16 
rooms.
Extraction of latex allergen
Filters with dust were removed from the area air sampler,
weighed ond cut into pieces of obout2×1mm. The lo ex aller-
gen was extracted from the filter pieces in 20mL of 0.1mol/L
acetate buffer, pH 8.0, in 0.1% CHAPS(3-[(3-cholamido-
propyl)-dimethylammonio]-1-propanesulfonate) at 20℃ by
vigorous stirring for 24h. Supernatants were collected, filter-
sterilized and freeze-dried before being redissolved in 400μL of
distilled water.
Determination of latex allergens
Latex allergens in the collected extracts were quantified by a com-
petitive inhibition immunoassay using Pharmacia CAP system 
(Pharmacia, Uppsala, Sweden).22 As source antibodies, a serum 
pool from four latex-allergic persons was used. All four sera were 
found to have increased latex-specific IgE antibodies by the CAP 
system (IgE values of individual serum: 6.88, 10.50, 68,>100 
kU/L) and in enzyme-linked allergosorbent test (EAST) using latex 
protein coupled paper discs (IgE values: 5.98, 4.84, 5.26, 26.36 
kU/L). A latex protein extract (C serum) containing 7.5mg pro-
tein/mL, prepared by centrifuging (41.000×g, 2×60min at
10℃) ammoniated natural rubber tree latex from Malaysia to
remove the rubber particles, was used as a reference allergen. A
standard inhibition curve was constructed by competition of the
Fig. 1 BAST-inhibition curve used for measuring latex aeroallergen 
dust samples.
reference allergen with the solid-phase ImmunoCAP latex allergen
for specific IgE binding, in which pooled serum (40μL) wos pre-
incuboted individually with 10μL of the latex reference ollergen at
different dilutions, prior to reacting with the ImmunoCAP allergen
(Fig. 1). Lotex ollergen in sample extracts was quantified by pre-
incubating 20μL of extract with 80μL of pooled serum to compete
with ImmunoCAP latex allergen in a. competitive inhibition
mmunoassay (in duplicate). The inhibition capacity of the sample
extract was compared with that of the reference allergen.The con-
centration of latex allergen in air samples was expressed as protein
moss per cubic metre of oir. The ossay is sensitive to 20ng.
Clinical evaluation of staff members
All 212 staff members working in the 35 rooms investigated were 
informed by a handout and asked to partake in the study. All 111 
participants were volunteers. There were no exclusion criteria. A 
d tailed medi al history was prepared by an experienced physi-
cian using a questionnaire. Questions included self-reporting of 
allergic symptoms, urticaria, pruritus, conjunctivitis, rhinitis and 
shortness of breath/asthma both in the workplace and home. In 
addition, the types of gloves used and the frequency of use were 
also asked. The questionnaire was filled out by the test subjects 
and a physician supplemented answers that needed clarification. 
 A glove count took place over a period of 24h to determine 
the amount and type of gloves being used in each room where 
air sampling took place.
Skin prick tests
To assess the prevalence of atopy, skin prick test with 19 com-
mon allergens were performed. The positive control was 1% his-
tamine dihydrogen chloride and the negative control was saline. 
All tests were read after 15min. Subjects were classifed atopic if 
they had at least one positive response to skin prick tests with a 
weal at least half of the diameter of the positive control. Five 
subjects did not agree to undergo skin testing.
Measurement of latex-specific IgE
Blood samples were taken from participating staff and latex-
specific IgE measurements were made using the CAP FEIA 
method (fluoroimmunoassay) as described by the manufacturer 
(Pharmacia, Uppsala, Sweden).
Statistical analysis
The one-sided Fisher's exact test was used for statistical analysis.
RESULTS
Glove powder sampled during shaking and donning of latex
gloves was examined by electron microscopy. The raster elec-
tron microscopicview showed rounded particles with a diameter
of mainly 5-20μm (Fig. 2).
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  Powdered examination gloves were the predominant glove used 
according to case histories and glove count. Exceptions were in 
operating theatres where powdered surgical gloves were used 
exclusively and some clinical laboratories where surgical powder-
free gloves were used. Individual types of gloves are as follows:
 (i) surgical gloves powdered-Ansell Gammex hypoaller-
genic, Manex OP gloves Beiersdorf, Peha microptic, Peha soft 
steril; (ii) examination gloves powdered-Ansell Medical 
Conform, Baxter Flexam, Codan chemoprotected, GMT gloves, 
Kannex examination gloves, Latex examination gloves China, 
Multimed, Romet, Unigloves Malaysia; (iii) surgical gloves 
powder-free-Ansell Nutex, Regent Biogel. 
 Total latex allergen content in air samples from different hospitals 
rooms or physicians' offices ranged from 0 to 2.0% (w/w), based on 
their total dust weight, and was about 0.1 % in most places (w/w) 
(data not shown). The concentration of latex aeroallergen in hospi-
tal rooms or physicians' offices varied from 0 to 205ng/m3 air. No 
latex aeroallergen was found in control rooms (machinery room, 
four examination rooms and a patient room) where latex gloves 
were not used. All other rooms without ventilation systems showed 
measurable latex aeroallergen with different concentrations (Fig. 
3a). The highest concentration (205.4ng/m3) was found in a 
patient's room in one of the internal medicine wards where latex 
gloves are stored on a trolley near a door that opened towards the 
aisle. The second highest latex allergen concentration (53.7ng/m3) 
was in a physician's small office where a large number of openly 
stored gloves were present. The third highest concentration (49.1 
ng/m3) was found in an allergy skin testing room. 
  Particulate latex allergens could remain in the air for several
hours. This was especially shown in the dentist office where at 
night no gloves were used and latex aeroallergen concentration 
only fell to about one-third of the value obtained during working 
hours (see Table 1). Further, latex aeroallergen could also be 
detected after the workshift (1600-0800 hours) in all rooms 
without air supply (Table 1, Fig. 3a).
Allergens were not found in the general surgery and heart 
surgery operating rooms where ventilation systems with air sup-
ply were running. The same applied to all but one of the main 
clinical laboratories which also had air supply. Three other 
r oms comprising the plastic surgery intensive care unit, the 
heart catheter laboratory and an operating theatre, in which 
ventilation systems with air supply operated, showed concentra-
tions of latex aeroallergens of 14.1ng/m3 or below. In the latter, 
the number of gloves used per day was very high (27 pairs); 
in the other two rooms the number was moderately high with 
6 nd 10 pairs per day (Table 1, Fig. 3b). 
In general, there was no correlation between room size, num-
ber and types of gloves used and allergen concentrations. We 
as ume that other parameters such as total air circulation 
(which also depends on the opening of doors and windows), 
unknown differences in allergen load released from the various 
types of gloves used and the way of glove handling may also 
play a gr at role in the distribution of latex aeroallergen; corre-
sponding information could not be obtained during this study. 
  To check the clinical relevance of latex aeroallergens, the 
detailed case histories of the 111 subjects in the study were 
evaluated. In general, reported hypersensitivity responses were 
heterogeneous. Workplace-related, self-reported symptoms
Fig. 2 Raster electron microscopic 
view of sampled airborne powder 
from latex gloves (Sempermed) rep-
resenting phosphated cornstarch.
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included 26 cases of urticaria/flare reactions (23%), 10 cases of 
conjunctivitis (9%), 12 cases of rhinitis (11%) and four cases of 
dyspnea (4%). Whereas skin disorders were nearly equally dis-
tributed in latex aeroallergen contaminated and non-contami-
nated rooms, respiratory and conjunctival symptoms were 
reported exclusively in rooms where latex aeroallergen was 
detectable (Table 2). 
 Of the 111 subjects, 17 showed elevated latex-specific IgE 
antibody concentrations. Nearly all of them (15 out of 16) were 
atopic from the skin prick testing; this is significantly higher than 
the corresponding proportion in the non-sensitized group (27 
out of 90; P<0.001; Fisher's exact test exactly calculated). All 
17 IgE-positive subjects worked in places with detectable latex 
aeroallergen; 15 of them (86%) reported workplace-related dis-
orders with a predominance of urticaria followed by rhinitis, 
conjunctivitis and dyspnea (Tables 2, 3). In contrast, only 17 of 
94 (18%) IgE-negative subjects had these symptoms 
(P<0.001). There were also significant differences between 
latex IgE-positive and latex IgE-negative subjects with regard to 
frequencies of individual symptoms (Table 3).
Fig. 3 Relationship between pairs of powdered latex gloves used and
concentration of latex aeroallergen in different hospital rooms. (a)
Rooms without ventilation systems:control room (■); examination
room(▼); ward(◆); research laboratory(●). *Sample taken for 24h at
the weekend when no gloves were used; in this room the concentration
during working hours was 13.4ng/m3. (b) Rooms with ventilation and
fresh air supply: examination room(▼); word(◆); research laboratory
(●); operating theatre(＋).
Tabl  2. Glove-associated symptoms in subjects with regard to 
aeroallergen exposure
Table 3. Cross-sectional study of 111 subjects: Complaints in IgE 
positive and IgE negative subjects
The one-sided Fisher's exact test was used for statistical analysis.
DISCUSSION
Latex allergens are adsorbed by the cornstarch powder on 
gloves during the production process while dipping into powder 
slurry and released into the air while shaking or donning the 
gloves. Present data show latex aeroallergen to be present at 
different concentrations in all hospital rooms and physicians' 
offices without ventilation systems and fresh air supply. Careless 
handling of powdered latex gloves, especially frequent shaking 
and changing, open storage, resuspension of dust in contami-
nated environments and/or poor air circulation can result in 
high allergen contents of more than 200ng/m3 of air. However, 
we were unable to find a correlation between the absolute num-
ber of gloves used and aeroallergen concentrations. Other con-
ditions such as air circulation, glove type and the way gloves 
were handled may have an important influence on allergen 
content in the air. 
 This study confirms and extends the results of previous investiga-
tions.1,7,11,16,19,23,24,28 In addition, our results indicate that conjunc-
tival and respiratory hypersensitivity reactions in latex-sensitized 
patients are also induced by contact with latex aeroallergen. 
  The fact that latex-specific IgE antibodies are present mainly 
in staff being atopic and only working in rooms where latex 
allergen could be detected in the air suggests that continuous 
exposure to airborne allergen may play an important role in the 
induction of immediate-type sensitization.
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  Since the conjunctiva) symptoms were also observed in several 
IgE-negative individuals, it is possible that the IgE antibody assay 
used is not sensitive enough to detect low-degree sensitization. 
This has also been observed by other investigators.10,25-27,29 
Alternatively, irritative effects induced by airborne powder or sol-
vents may also result in self-reporting such symptoms. 
  In a previous study, doses of 100ng of latex allergens were 
shown to cause immediate-type nasal or bronchial reactions in 
challenge tests.17 Furthermore, allergic reactions in presensitized 
persons could be demonstrated in two cases in our lung function 
room with a concentration of 128ng/m3 room size correspond-
ing to about 20ng/m3 of sampled air.18 These concentrations are 
comparable with those measured in this study in several hospital 
rooms or physicians' offices. The role of the glove type used in 
relation to allergen release, frequency and degree of sensitiz-
ation needs to be determined in further studies. 
  We conclude that latex aeroallergen is present in every med-
ical examination room where powdered latex gloves are used 
and sufficient fresh air supply is not provided. Therefore a great 
number of health care workers are continuously exposed to this 
aggressive allergen. The relatively high percentage of investi-
gated hospital staff reporting workplace-related respiratory 
(11%) and/or cutaneous complaints (23%), as well as the 15% 
sensitized makes it obvious that preventive measures in all 
health care facilities where powdered latex gloves are used are 
urgently needed. 
  Elimination of the risk to personnel can only be achieved by 
creating latex-free environments since a threshold concentration 
for allergic reactions in presensitized subjects cannot be accu-
rately estimated at present. In order to provide an allergen-free 
environment, the use of powder-free latex gloves is advisable. 
The ultimate goal should be the development of (latex) materi-
als without allergenic components.
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